Introduction
Tuberculous involvement of the sacroiliac joint is reported as rare in the literature and is estimated to account for 0.3 to 0.5 % of all tuberculosis cases. [1] [2] [3] [4] While this may be true in the developed world or when looked at in isolation, the incidence is much higher in less developed countries, 5, 6 with ever-increasing rates of retroviral disease (RVD) associated with atypical pathology and multifocal skeletal involvement. Involvement may be further underestimated due to a recognised vague presentation, 1,2,4,5,7-10 and the sacroiliac joint being a region that is easily overlooked during routine clinical and radiological examinations. 1, [4] [5] [6] [7] [8] [9] Numerous studies have noted an association of tuberculous sacroiliitis with concurrent spinal tuberculosis. 1, 2, 5, 11, 12 An association with paraspinal and/or gluteal abscesses has also been demonstrated in the literature.
1,2,4,5,10-12 Kim et al. proposed a four-stage classification as a guide to the management approach (Table I) , differentiating cases that may benefit from surgery, from those that could be managed conservatively with chemotherapy alone. 2 The aim of this study was to discuss the incidence and pathogenesis of tuberculosis involvement of the sacroiliac joint and describe an association with spinal tuberculosis and abscess formation. 4 Types were defined according to the severity of clinical and radiographic findings. 
Materials and methods
A retrospective chart review was conducted in the spine unit on all inpatients admitted between 1 July 2014 and 30 June 2015.
Patients with confirmed tuberculous spondylitis and/or sacroiliitis, who underwent adequate radiological examination of their sacroiliac joints, were included in the study. Available clinical and radiological investigations including plain X-rays, computed tomography (CT) and magnetic resonance imaging (MRI) scans, were scrutinised for sacroiliac joint involvement.
Patients with spondylitis and/or sacroiliitis arising from pathogens other than mycobacterium tuberculosis, outpatients, and those with confirmed tuberculous spondylitis without adequate radiological visualisation of their sacroiliac joints were excluded from the study.
Results
Ninety-one patients with spinal tuberculosis and one patient with isolated tuberculous sacroiliitis were admitted over the 12-month period. Histological confirmation of tuberculosis was attained in 71 patients revealing chronic granulomatous inflammatory tissue with patchy infiltration of acid-fast bacilli, giant and epithelioid cells, varied degrees of caseous necrosis and tubercle formation. Among these, 16 patients had positive cultures for Mycobacterium tuberculosis on Lowenstein Jensen medium. In the remaining patients, diagnosis was based on clinical, haematological and radiological findings.
Twenty-five patients were excluded from the study due to inadequate radiological visualisation of their sacroiliac joints. These included six patients with cervical spine and 16 patients with upper-to-mid thoracic spine involvement with incomplete inclusion of their sacroiliac joints on CT and/or MRI studies. Although plain X-rays were performed in all patients, adequate and complete visualisation of both sacroiliac joints was not possible due to overlying bowel shadows ( Figure 1) .
The 67 patients in our study group included 37 females and 30 males with ages ranging from 2 to 74 years. The thoracic and lumbar regions were affected in the majority of patients with seven patients having involvement at or below the lumbosacral junction and three patients with cervical spine involvement. Seventeen patients had multilevel (>2 levels) contiguous spinal involvement and 14 patients had multilevel non-contiguous involvement. Thirtyfour patients had associated abscess formation. All patients were investigated with plain X-rays and CT, while MRI was performed in 29 patients.
Thirty-two patients had multifocal disease having either active pulmonary and/or extrapulmonary involvement, or previous history of tuberculosis. Forty-two patients had clinical evidence of partial or complete neurological deficit. Twenty-one patients had documented tenderness of their sacroiliac joint(s); however, the lateral pelvic compression, Gaenslen and FABER tests were performed in only 16 patients for obvious reasons. Forty-six patients had confirmed RVD and a further 14 patients had an unknown retroviral status. Erythrocyte sedimentation rates ranged from 8 to >140 mm/hr. Five patients were diagnosed with multidrug resistant (MDR) tuberculosis.
Thirteen patients (19.4%) were identified as having involvement of their sacroiliac joint(s), including the patient with isolated sacroiliitis (Table II) . There were eight females and five males whose ages ranged from 13 to 64 years. Eight patients had lower back and/or buttock pain without neurological deficits, three patients had partial neurological deficit with lower limb weakness, and two patients had spastic paraplegia. Of the 12 patients with spondylitis, eight were atypical with multilevel contiguous or non-contiguous lesions. One patient had skip lesions involving all regions of the spine ( Figure 2 ) and 11 patients had involvement of the lumbar region. One of the 13 patients identified was HIV negative and one patient had an unknown retroviral status.
Figure 1(a) and (b).
Plain X-rays demonstrating inadequate visualisation of the sacroiliac joints due to overlying bowel shadows Radiological bony changes varied from erosions, cyst formation and sclerotic margins (Figure 3) , to marked joint destruction and sequestration ( Figure 4 ). Questionable joint space widening or blurred margins were regarded as being uninvolved. Destructive lesions were predominantly seen in the antero-inferior aspects; however, inconsistent distributions were seen in three joints. Bony changes were best seen on CT with several patients having inadequate plain X-rays. MRI was performed in five patients with associated neurological deficit.
Eight of the 13 patients had open biopsies of their sacroiliac joints. In three patients, including two patients with early sacroiliac joint changes, biopsies of the spinal lesions were performed. In the remaining two patients, the diagnosis was based on classic radiological vertebral changes demonstrating two body disease suggestive of tuberculosis as well as grade 2 sacroiliac joint changes.
Histopathology confirmed chronic granulomatous inflammatory tissue, varied degrees of caseous necrosis and tubercle formation with/without giant and epitheloid cells. Microscopy did not reveal the presence of any other pathogens and acid-fast bacilli were demonstrated in two cases. Polymerase chain reaction was not available for use at the time and no record of such results were found.
Six patients had bilateral sacroiliac joint involvement, five with right-sided and two patients with left-sided involvement. Twelve of the 13 patients had associated abscess formation. Eleven patients had iliopsoas abscesses, two of whom had both gluteal and iliopsoas abscesses. The patient with isolated sacroiliac joint involvement had a gluteal abscess. Three patients presented with draining sinuses, one of whom demonstrated MDR disease.
According to the Kim classification (Table I ), all 13 patients had type IV disease. Eleven patients underwent surgical interventions ranging from debridement and drainage of abscesses to spinal decompression and stabilisation. Eight patients underwent open biopsies of their sacroiliac joints and six patients required sacroiliac joint debridement with/without arthrodesis. Negative pressure wound therapy was used in all patients with sinuses. Outpatient follow-up and treatment outcomes however, are beyond the scope of this study. Two patients had no documented involvement of their sacroiliac joints and were treated primarily for their spinal lesions. However, both patients had early radiographic joint changes not requiring surgical intervention, and were treated adequately with antituberculous chemotherapy.
Discussion
The relative paucity of available literature on tuberculosis of the sacroiliac joint has been largely attributed to its rarity. [1] [2] [3] [4] 10, 12 A large proportion of the published literature from the developed world is limited to sporadic case reports 4, 5, 8, 10, 12, 13 with studies of significance conducted over several years. 1,2,11 In a landmark study, 2 16 cases were identified over a period spanning two decades. However, a more recent study 6 in an endemic area identified 35 cases over a 4-year period. The substantial discrepancy is a result of significantly lower rates of underlying immune-suppressive conditions like RVD, low socio-economic status, malnutrition, etc., in the developed world.
The rates of both RVD and tuberculosis in South Africa, are among the highest in the world. 14,15 Improved awareness and availability of antiretroviral therapy has transformed the expression of RVD from a rapidly progressive affliction with a high mortality rate, to one that presents more like a chronic medical condition with improving survival rates. 16 Tuberculosis, on the other hand, has become more difficult to treat over recent years with everincreasing rates and the emergence of drug-resistant strains. The combined effect of these factors contributes to the increasing number of patients with atypical pathology and multifocal disease. Almost half of the 67 patients in our study group and eight of the 13 patients with sacroiliac joint involvement, presented with atypical pathology.
Numerous studies 1,2,4,10-12,17-19 have demonstrated an association of tuberculous sacroiliitis with spinal TB and abscess formation, to the extent of inclusion as a subtype (type IV), in the proposed classification. This is the first study to look at identifying sacroiliac joint involvement in this particular subgroup of patients, highlighting several factors requiring consideration.
Mycobacterium tuberculosis may reach the sacroiliac joints via haematogenous or lymphatic routes from other primary sites of infection. The most common sites are the pulmonary system or spine, with the spine well recognised as the commonest skeletal site. It may spread contiguously through surrounding soft tissues or less commonly, mycobacteria may lodge as latent foci during the primary infection and activate at a later stage.
Therefore, in a patient with vertebral involvement and iliopsoas abscesses, spread to the sacroiliac joints may occur via all possible routes, and a higher risk of transmission would be expected. This is further supported by our findings, with almost a fifth (19.4%) of the patients having sacroiliac involvement, and 12 of these 13 patients having abscess formation. On the other hand, in a patient with isolated tuberculous sacroiliitis without other active sites of involvement, the infection originates from activation of latent foci which occurs less frequently, especially in developed countries.
Tuberculous sacroiliitis may present in various clinical settings. Isolated sacroiliac joint involvement often presents as a patient with refractory, poorly localised lower back or buttock pain with/without constitutional symptoms. Patients are usually neurologically intact or at worst have evidence of radiculopathy. In patients with vertebral involvement however, a wide spectrum of presentations may occur, ranging from mild backache to obvious spinal deformity with complete neurological deficit.
While sacroiliac joint pathology is well renowned for being elusive to clinical detection and prone to late diagnosis even when it occurs in isolation, 5, 6, [8] [9] [10] 13 concurrent vertebral involvement adds a host of challenges to the clinical and radiological evaluation.
Patients often present with symptoms from their spine pathology including pain, deformity and neurological compromise. A patient with a high level sensory deficit, may not complain of sacroiliac joint pain and the clinical focus is on performing a spinal and neurological assessment. Furthermore, provocative testing of the sacroiliac joints would be extremely difficult and is often excluded in patients with spinal instability, to near impossible in patients with complete neurological lesions.
The radiological evaluation of the sacroiliac joints in these patients must also be considered. The higher the level of the spinal lesions, the less likely that the sacroiliac joints would be included in imaging studies. This was evident in our findings as 22 of the 25 exclusions were patients with vertebral lesions above the mid-thoracic spine. These patients are incidentally more likely to have significant neurological deficits, are often immobile and have associated bladder or bowel involvement. The accompanying faecal loading often obscures complete visualisation of their sacroiliac joints on plain X-rays. If plain radiography is the only available imaging modality, prior bowel preparation and the use of oblique views 6 is advised.
Depending on the route of transmission to the sacroiliac joint, infection may originate in the sacral or ileal sides, or from the synovium. The resultant inflammatory exudate and bone oedema radiographically appears as haziness or blurring of the joint margins and widening of the joint space, which are the earliest identifiable changes described. Further disease progression causes subchondral erosions with formation of periarticular cysts in the sacrum and/or ilium. If untreated, marginal sclerosis occurs with eventual joint destruction and sequestra formation. Concurrent periarticular soft tissue involvement manifests as abscesses, through various tissue planes and directions, with eventual sinus formation.
While MRI has been shown to be useful in the detection of early disease, 6, 12 it is less freely available and affordable in the developing world where delayed presentation is common. As a result, MRI is not routinely performed in all patients with vertebral pathology but usually reserved for those with associated neurological deficit. Furthermore, while soft tissue pathology is best seen on MRI, subtle bony changes are less clearly defined ( Figure 5 ). Computed tomography has been shown to demonstrate the best definition and extent of bony pathology, 1, 2, 10, 19 as appreciated in this series, identifying sacroiliac joint involvement in all cases.
Regardless of the extent of sacroiliac joint changes, all 13 cases identified had type IV disease, as 12 patients had other affected vertebra and the patient with isolated sacroiliitis had a gluteal abscess. A closer look at the classification (Table I ) reveals that types I to III are based on the severity of radiographic bony changes, ranging from a blurred and widened joint space in type I, to cyst formation, marginal sclerosis and joint destruction in type III disease. Type IV however, was defined as, 'a lesion of the sacroiliac joint with abscess formation or other affected vertebra'. 2 Patients with type IV disease may thus have variable degrees of sacroiliac joint changes, as illustrated in our findings. Furthermore, spinal tuberculosis with or without abscess formation may occur prior to sacroiliac joint involvement, as seen in this study, where several patients demonstrated advanced vertebral involvement with iliopsoas abscesses and only early radiographic changes in their sacroiliac joints. For these reasons, we recommend that the classification be modified to three types, and to include vertebral involvement or abscess formation as a subclass of all types (Table III) . This modification may assist in formulating more accurate guidelines to the management plan. Thus, concurrent vertebral involvement exposes numerous additional challenges to a condition known to have a difficult and often late diagnosis. Furthermore, the mainstay in the treatment of tuberculous sacroiliitis is conservative and most symptomatic patients will resolve completely on chemotherapy alone. Consequently, a significant number of patients in this subset of patients may be easily overlooked, thereby further underestimating the overall incidence.
A major drawback of this study is that only a particular subgroup of patients was used, in whom the incidence of tuberculous sacroiliitis would be expected to be higher. Our results therefore only reflect the incidence among this particular subgroup of patients and not that of the general population. Another drawback was that the diagnosis of tuberculous sacroiliitis was not confirmed with complete certainty in all cases. Other pathogens or aetiologies, although less likely, were still possible, and as outpatient follow-up was not included, treatment responses could not be assessed or discussed. We therefore recommend that more prospective studies be conducted among this subgroup of patients.
Conclusion
Concurrent radiographic evidence of sacroiliac joint involvement is not uncommon in patients with spinal tuberculosis, more so when abscess formation is associated, and should be actively looked for and excluded in such cases. Computed tomography is the recommended imaging modality in the evaluation and diagnosis of tuberculous sacroiliitis.
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